The timing of surgery for velopharyngeal dysfunction has been based on assumptions about the relation between age, speech development, and velopharyngeal dysfunction. Cleft palate teams often counsel parents to have an intervention for velopharyngeal dysfunction performed earlier rather than later, believing that earlier interventions result in more rapid or better normalization of speech. The objective of this retrospective chart review study is to determine whether the age at surgical intervention for velopharyngeal dysfunction has an effect on the subsequent length of speech therapy. Of 174 patients included in the study database, 36 had velopharyngeal dysfunction for which further velopharyngeal management was required. Of the 36 patients who received surgical velopharyngeal dysfunction management, 27 had verifiable speech therapy records. These 27 patients represent the study population. The outcome measure was the total length of subsequent speech therapy until speech normalization. The data suggest that there is no relation between the age at velopharyngeal dysfunction surgical management and the amount of speech therapy needed to achieve normalization of the speech impairments secondary to velopharyngeal dysfunction after that management. In conclusion, 1) the age at surgical velopharyngeal dysfunction management (pharyngeal flap or sphincter pharyngoplasty) does not have an effect on subsequent normalization of speech as measured by the duration of speech therapy necessary to achieve normalization of the speech impairments secondary to velopharyngeal dysfunction after that management, and 2) the age at surgical velopharyngeal dysfunction management does not affect the likelihood of subsequent surgical velopharyngeal dysfunction management procedures.
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Key Words: Speech, velopharyngeal dysfunction, cleft palate V elopharyngeal dysfunction (VPD) occurs in some individuals after surgical repair of a cleft palate regardless of the palatoplasty technique. The frequency of postpalatoplasty VPD seems to vary with the palatoplasty technique 1,2 as well as with the individual surgeon's experience, 3 ranging from 5% to 38% in reports over the past two decades. During critical speech development periods, children with VPD may develop pathological malarticulations to compensate for an inability to close the velopharynx. 4 These malarticulations include glottal stops, pharyngeal stops, pharyngeal fricatives, nasal fricatives, middorsum palatal stops, and velar fricatives. The management of individuals with postpalatoplasty VPD varies depending on the severity of the dysfunction. Such management includes speech therapy alone and speech therapy in combination with either prosthetic or surgical intervention. (Because this report only includes individuals who had surgical VPD management, prosthetic management is not discussed further.) Neither prosthetic nor surgical VPD management alone corrects the maladaptive articulation patterns. These typically require pre-and post-VPD intervention speech therapy focused on velopharyngeal function and articulation.
The objective of combined surgical and speech therapy management for VPD is normalization of nasal resonance with elimination of maladaptive articulation. Because speech is a developmental process, it has been speculated that there might be a relation between the age at VPD management and the outcome of such management. This is a reasonable assumption, because it has been established that initial cleft palate repair after 18 months of age is associated with a higher incidence of VPD than when performed before 18 months of age. [5] [6] [7] Pamplona et al. 8 noted that earlier correction of VPD after diagnosis did not seem to affect subsequent speech therapy. In contrast, the relation between the age of the child at VPD management and the outcome of that management remains unknown.
A confounding variable with respect to interpretation of the relation between VPD management and the age at management is the choice of outcome assessment measure. Previous reports have focused on how effectively the VPD was managed based on postintervention velopharyngeal functional assessment. An additional measure, however, is the total length of speech therapy required for resolution of maladaptive articulations and other articulations associated with VPD. This measure has significance, because speech therapy consumes not only money but parental and patient time and energy.
The objective of this study, therefore, is to determine whether the age at operation for VPD management has an effect on the length of speech therapy required to achieve normalization of the speech impairments secondary to VPD after that management. To accomplish this objective, we reviewed charts of patients who were diagnosed with VPD and underwent surgery to manage that VPD between the ages of 2.7 and 7.4 years.
MATERIALS AND METHODS

T
he base study population consisted of all patients who had been enrolled in a previously completed, randomized, prospective study of the effect of intravelar veloplasty (IVV) on postpalatoplasty VPD. 9 These patients all had cleft palate and received a standardized two-flap palatoplasty with or without a Kriens type IVV 10 at a mean age of 14 months for both groups, with a range of 12 to 17 months. The following types of clefts were included in the IVV/non-IVV study: isolated incomplete cleft palate, isolated complete cleft palate, unilateral cleft lip and palate, and bilateral cleft lip and palate. Patients with Stickler syndrome and Pierre Robin sequence were included, but patients with other syndromes or medical conditions expected to have a deleterious effect on speech/language development were excluded. All included patients were cared for and followed longitudinally by the Cleft Palate Team at St. Louis Children's Hospital. All screening velopharyngeal evaluations were performed by experienced cleft speech pathologists (n = 3) using a standardized assessment. All patients considered for possible VPD surgical management underwent instrumental velopharyngeal functional assessment, including nasendoscopy and/or fluoroscopy, with a standard protocol administered by one of the cleft team speech pathologists. All instrumental evaluations were audiotaped and videotaped as was an accompanying standardized perceptual speech evaluation.
For the purposes of the current study, all patients who were diagnosed with severe VPD requiring surgical velopharyngeal management in addition to speech therapy at any point during their follow-up comprise the study population. 9 Of the 174 patients included in the IVV/non-IVV database, 36 had VPD that required surgical management. Of the 36 patients who received surgical VPD management, 27 had verifiable speech therapy records. For the purposes of this study, verifiable was defined as longitudinal assessment by a craniofacial team speech pathologist with yearly or biennial data on the number of sessions and type of speech therapy the patient received and the confirmation of those data with the family. Patients received either pharyngeal flap (n = 15) or sphincter pharyngoplasty (n = 12) for surgical management of VPD. Those 27 patients comprise the study population. Human Studies Committee approval was obtained for chart review and verification of the qualifying study population.
Speech therapy sessions were calculated according to the formulas shown in Table 1 . All speech therapy sessions were standardized to 1 hour. For example, a patient who underwent speech therapy twice a week for 1 hour each session would be considered to have undergone two speech therapy sessions. A patient who underwent speech therapy twice a week for 30 minutes each session would be considered to have undergone one speech therapy session. Known absences, such as illness or surgery, were factored into estimation of sessions.
Parents or other legal guardians were contacted to verify the information documented in the chart. Those patients whose speech therapy information 
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was poorly documented and whose guardians could not be contacted to provide supplemental data were excluded from the analysis.
RESULTS
T
he characteristics of the 27 surgically managed VPD patients included in the study population compared with the 9 patients excluded because of unverifiable speech therapy records are presented in Table 2 . There are no major differences between the two groups with respect to cleft type, gender, age at palatoplasty, age at VPD management surgery, or type of VPD management surgery.
Seven of the 27 surgically managed VPD patients required additional surgery for residual significant VPD after the initial VPD operation. The age range of the patients at the conclusion of this study was 8 years and 7 months to 21 years and 5 months, with a median of 14 years and 3 months. The range of speech therapy sessions was none to 714. The median number of speech therapy sessions was 150, whereas the mean was 184. Three patients were still receiving speech therapy for maladaptive articulations as of the completion of this study. For the remainder, speech therapy was concluded with normalization of nasal resonance and VPD-associated malarticulations in 11 of 24 (46%) patients. Eight of these 24 (33%) patients had some residual hypernasality and/or nasal turbulence without malarticulations, and 4 of 24 (17%) had VPD-associated malarticulations (which included glottal stops, pharyngeal stops, and middorsal articulations of [d] and [t]) without residual hypernasality and/or nasal turbulence at the conclusion of this study. The 17% with VPD-associated malarticulations have shown improvement in speech therapy and were thought to be likely to normalize with time.
The relation between age at the initial VPD operation and the need for subsequent VPD surgery was examined by comparing the mean age at VPD diagnosis for patients who needed further surgery with the mean age for those who did not. Statistical significance of the difference was tested with a twosided t test. Patients who needed subsequent VPD surgery were, on average, slightly older at the time of their initial VPD diagnosis than those who did not (5.3 years versus 4.9 years, respectively), but this difference did not approach statistical significance (P = 0.5) (Fig 1) .
The relation between age at the initial VPD surgery and the amount of postoperative speech therapy necessary for resolution of VPD-associated speech issues was examined by plotting the data on a scatter plot. Statistical significance of the relation was tested with regression analysis. There was a weak tendency for the number of hours of speech therapy to diminish as the age at VPD operation increased, but this did not approach statistical significance (P = 0.2) (Fig 2) .
For the patients in this study who required secondary procedures for management of persistent VPD, the timing of reoperation did not seem to have an effect on ultimate speech outcome as measured by total number of speech therapy sessions.
Because the study population consists of two subgroups, patients who received palatoplasty alone and patients who received palatoplasty with IVV, the length of speech therapy with respect to type of operation was evaluated. For patients who received 
Fig 1
One-way analysis of age at operation by subsequent surgery. Although the group that required subsequent surgery for velopharyngeal dysfunction (VPD) management received initial surgical VPD management at a slightly older age than the group that did not, this difference was not statistically significant.
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palatoplasty alone, the mean number of speech therapy sessions was 216 (range: 20-714), with a median of 225. For patients who received palatoplasty with IVV, the mean number of speech therapy sessions was 144 (range: 13-360), with a median of 130. The differences between these two means was not statistically significant, with a P value of 0.27 (assuming equal variances) and a P value of 0.199 (assuming unequal variance), respectively, using a one-way ANOVA t test. Thus, the presence of both groups throughout the study does not make a statistical difference, despite the difference in the means.
DISCUSSION
T he primary lifelong morbidity of an unrepaired cleft palate is impaired verbal communication, which can have devastating psychological, social, and economical consequences for the affected individual. The primary goal of cleft palate repair is restoration of oronasal anatomy to allow normal functioning of the velopharyngeal sphincter. Although the type of palatoplasty and the specific surgeon performing the palatoplasty may affect the frequency of VPD, no surgical technique or individual surgeon is completely successful in avoiding VPD in all patients with cleft palate repair.
11
In addition to technique and surgeon, another variable that might affect the outcome of palatoplasty is age at cleft palate repair. It is generally accepted that the efficacy of palatoplasty with respect to speech deteriorates markedly when the operation is performed after 18 months of age. [5] [6] [7] Phoneticbased disorders as are seen in children with surgically repaired cleft palate, if left untreated, can lead to phonological disorders. 12 Although a few authors have reported that palatoplasty before 9 months of age results in improved speech outcomes compared with after 12 months of age, these studies have methodological flaws and have not been universally accepted. 13 Patient age at VPD management surgery might correlate positively, negatively, or not at all with the length of speech therapy necessary for postoperative normalization of velopharyngeal function. One could hypothesize that younger children would require less postoperative speech therapy because their abnormal speech patterns are less fixed and/or their nervous systems are more plastic than those of older individuals. Conversely, one could hypothesize that older individuals would require less speech therapy because they have more advanced intellectual development and could respond better to such services. Although the literature contains statements purporting a negative association between increasing age at VPD surgical management and resolution of VPD signs and symptoms, there has not been a study of the timing of surgery for VPD and outcome.
To assess outcome, the measure(s) must be defined. One measure is velopharyngeal function, specifically the status of nasal resonance (normal, hypernasal, or hyponasal), oronasal airflow (nasal turbulence), and associated morbidities (malarticulations and facial grimacing). An additional measure is the amount of speech therapy required after VPD management surgery to achieve normalization of velopharyngeal function. We have chosen to use the length of postoperative speech therapy as the main measure for this study for two reasons: 1) the assumption that the length of therapy necessary to achieve normalization of velopharyngeal function would be directly correlated with the efficacy of the VPD management surgery and 2) the cost of prolonged speech therapy in terms of monetary, temporal, and cooperative resources. The current study documents that the length of speech therapy required to normalize velopharyngeal function after surgical management of postpalatoplasty VPD is independent of the age at VPD management surgery as well as the need for secondary VPD revision surgery. These findings demand consideration of factors other than age that might contribute to the resolution of VPD speech disorders. Pamplona et al. 12 report that the type of speech therapy approach has an impact on ultimate success regardless of time spent on speech therapy. Using a phonological approach was more successful than an articulatory approach in correcting malarticulation disorders.
Thus, by the time we operate on children for 
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VPD, the language window has already begun to close. Also consistent with our findings is the observation that speech therapy guided at fundamental language processing (phonological approach) has been demonstrated in a prospective randomized trial to be more effective than the articulatory approach.
14 Therefore, the ultimate success of surgery combined with a speech therapy regimen for treatment of VPD is more likely influenced primarily by the quality of the speech therapy rather than by the timing of the operation.
The major and minor limitations of this study follow. The primary limitation is its retrospective nature. The ideal study would be a prospective randomized trial in which all children requiring postpalatoplasty VPD management would be randomized to such surgery at specific ages. Such a study would be unethical, however, because it would leave some children with markedly impaired verbal communication without treatment during the critical preschool and primary school years while waiting for their randomized age at surgery to be reached. That we have a spectrum of ages at surgical VPD management to study reflects the variability among children in the age at which definitive diagnosis, including the use of instrumental velopharyngeal functional assessment, can be made, parental/guardian decisions about timing of surgery with respect to educational and other family issues, and transfer of patients from other care providers who are older than our usual age for VPD assessment and management. A second major limitation is the uncontrolled nature of the speech services provided; ideally, all speech therapy would have been done by speech therapists with expertise in VPD. The realities of geographical distance, local sites offering speech services, and control of access to services and sites by funding agencies combine to make this ideal impossible to achieve. A third major limitation is that specific malarticulations were not considered in our study. Some researchers have found differential improvement of particular malarticulations based on age. 13 Glottal stops, for example, seem to be corrected earlier than pharyngeal fricatives. A fourth major limitation is that our charts do not include consistent records of individual education plans; therefore, we cannot control for individual variations in developmental and intellectual levels as well as learning disorders that could affect the efficacy of speech therapy. The first minor limitation is that the palatoplasties and the VPD management surgeries were performed by several experienced senior cleft surgeons in association with resident surgeons in training; ideally, the same experienced surgeon would have performed all operations. The second minor limitation is that several speech pathologists performed the perceptual assessment before and after VPD management surgery. All these speech pathologists were experienced with cleft palate patients and, specifically, with the assessment of VPD, however. Ideally, all perceptual assessments would have been done by the same speech pathologist.
CONCLUSIONS T
he data do not support the suggestion that delaying VPD management will increase the amount of speech therapy necessary to achieve normalization of the speech impairments secondary to VPD after that management. The data suggest instead that there is no relation between age at VPD surgery and the amount of speech therapy needed subsequently.
We draw the following conclusions from this study:
1. Velopharyngeal dysfunction management surgery combined with postoperative speech therapy is an effective means of normalizing velopharyngeal function in children with VPD after repair of cleft palate. 2. The timing of surgery for VPD management (pharyngeal flap or sphincter pharyngoplasty) does not affect the length of postoperative speech therapy required to achieve normalization of velopharyngeal function. 3. Velopharyngeal dysfunction surgery should not be denied older individuals on the assumption that they cannot benefit from it because of their age. 
